Novel citrate-hydroxamate siderophores, named nannochelins A, B and C, were isolated from the culture broth of the myxobacteriumNannocystis exedens strain Nae485. Thenewsubstances showed weak growth-inhibitory activity against some bacteria and fungi.
During our screening program for new biologically active compoundsfrom myxobacteria, we found that many Nannocystis strains produced substances that inhibited the growth of some Gram-positive bacteria and showed positive reactions with FeCl3 on TLC. The activity from Nannocystis exedens strain Na e485 was further investigated and could be characterized as a new group of siderophores, which were named nannochelins. Structural elucidation revealed that the so far isolated variants, nannochelins A, B and C, were derivatives of citric acid, with the terminal carboxyl groups of the citric acid linked in an amide-like fashion with two molecules of TV-e-cinnamoyl hydroxylysine-methyl ester (Fig. 1) . The nannochelins are thus structurally related to other membersof the citrate-hydroxamate family, such as schizokinen, arthrobactin and aerobactin1^In this paper we describe the production, isolation and some of the physico-chemical properties of nannochelins A, B and C, while the structure elucidation will be published elsewhere2). Microorganism and Culture Conditions The producing organism was N. exedens strain Na e485, isolated in 1985 at the GBFfrom a soil sample collected in South Luangwa, South Africa. 100ml or of 400ml in 250-ml or 1,000-ml Erlenmeyer flasks, respectively, were incubated at 30°C on a rotary shaker at 160rpm for 3~5 days. Production Cultivation of N. exedens in media with low iron levels did not increase the yields of nannochelins. Therefore nannochelin production on a larger scale was performed in standard MD1liquid medium. For example, 5 liters of culture grown for 3~4 days in this medium on a rotary shaker at 160rpm were inoculated into 65 liters of the same medium in a type b 50 bioreactor (Giovanola Freres, Monthey, Switzerland). The fermentor was kept at 30°C and agitated at 200rpm with a turbine plate stirrer. The aeration rate was 200 liters air per hour. The pH was not regulated and rose during the fermentation from 7.0 to about 8.2. The pO2 in the culture was recorded continuously with a polarographic oxygen electrode. At the beginning of the fermentation it was at about 90%saturation and fell till the end of the fermentation at 90 hours to about 70%.
Isolation
At the end of the fermentation the culture broth (70-liter) was separated from the cells by centrifugation. The cells were discarded and the supernatant was stirred for several hours with 1%of the neutral adsorber resin Amberlite XAD1 180 (Rohmand Haas). The nannochelins could be eluted from the resin with methanol and were further purified by column chromatography on Sephadex LH-20 and silica gel . Alternatively the nannochelins could be extracted from the culture supernatant with butanol. From a 60-liter fermentation the following yields were obtained: Nannochelin A, 1.1 g; nannochelin B, 0.6g; and nannochelin C, 0.3g. Using HPLC analysis during fermentation we found nannochelin B to be the main product and we were able to detect nannochelin B directly in the culture 0.2him phosphate buffer, pH 6.5 (45 : 55). Because methanol was used in isolation, it cannot be excluded that some or all of the isolated amounts of nannochelin A originated from nannochelins B and C by methylation during the isolation.
Physico-chemical Properties
The nannochelins were soluble in water, methanol, acetone and ethyl acetate, sparingly in chloroform Antimicrobial Activity The antibiotic activities of the nannochelins were determined by the agar diffusion test using paper discs. As can be seen in Table 1 , nannochelins A, B and C showed weak activity'against several Gram-positive bacteria, and incomplete inhibition also of a few fungi. The MICwas determined by the serial dilution assay for Brevibacterium ammoniagenes and was found to be 1.5/zg/ml for nannochelin A, 1.5^g/ml for nannochelin B and 0.39 fig/ml for nannochelin C.
Discussion
The nannochelins follow the myxochelins3) as the second group of siderophores isolated from FEB. 1992 myxobacteria. While the myxochelins are catechol siderophores, the nannochelins belong to the citrate-hydroxamate group. They are related to schizokinen isolated from Bacillus megaterium, arthrobactin from Arthrobacter pascens, and aerobactin from cultures of different Aerobacter strains1*. Like myxochelin A and certain other siderophores the nannochelins showed weak antimicrobial activity which is probably caused by the chelating effect of the compound, although not necessarily only by iron deficiency. The nannochelins seem to be involved in iron transport. It could be shown, e.g., that nannochelin B could cross-feed certain hydroxamate-indicating strains of E. coli and Salmonella. A special membranereceptor protein, which was 2,000 daltons larger than the aerobactin-receptor protein IUT, was detected in these enterobacteria4). It was able to transport nannochelin B as well as aerobactin. The aerobactin-receptor protein IUT itself seems not to transport nannochelin B4).
Recently we discovered nannochelins also in cultures of several further Nannocystis strains. By HPLC analysis (see above) we detected nannochelins in the following strains: Na a2; Na a4; Na e575; Na e576; Na e628; Na e634; Na e636; Na e638; Na e643. Results from TLC and bioautograms indicate, however, that from 70 tested strains at least 26 produced nannochelins.
